Algorithmic Finance xx (20xx) Abstract. This paper presents a computational economics model of the property-liability insurance underwriting cycle. This computer experiment is built on downward-sloping demand, a simplistic version of the capacity constraint model of insurance supply, and a simple pricing rule. The pricing rule has each experimental insurer determine its price from the expected losses per-policy (a constant), the previous year's policyholders' surplus and the previous year's number of customers. Through the use of directional bit sequences a common structure is revealed between the simulated aggregate underwriting margin and the actual aggregate underwriting margin, 1930-2000. The common structure between these aggregate variables is evidence the property-liability underwriting cycle, in a consistent effort to reach equilibrium, follows an algorithmic process. Of more general inference; the pursuit of equilibrium, as an attractor, is the only consistent characteristic of the algorithmically generated process. This algorithmic process precludes the notion of a consistent continuous probability distribution being the basis of a data generating process (DGP). The times series behavior of the simulated underwriting margin, as it fluctuates around the equilibrium attractor, can assume a variety of shapes across many realizations of the algorithmic process. Finally, behavior of the simulated individual companies is not, for the most part, correlated with the aggregate behavior, and virtually all individual transactions are out-of-equilibrium transactions in the sense that they occur along the demand curve. by Winter (1994) and Gron (1994). In its most sim- appearing to be the same.
Introduction
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Aggregate profits in the property-liability insur- The next section presents the model and the sim- 
The model
95
The property-liability insurance industry simu- 
Downward sloping demand curve
163
In the simulated market insurance coverage is The number of insureds who buy a policy from the ith insurer is: 3 A detailed timeline of modeled cash flows for t = 0 through t = 5 is provided in Appendix A. 4 The dashed arrow in Fig. 1 is an effort to indicate the workings of the demand function shown in Equation (1).
where: 
176
This demand function is convex to the origin.
177
The convexity increases with the range of prices. For insurer i the target premiums-to-surplus ratio is 7 ;
5 The goal of modeling loss severity was to create a highly and positively skewed set of possible losses. I arbitrarily selected the parameters for the SkewNormalDistribution. More details are provided in Appendix C. More information about SkewNormalDistribution can be found at reference. wolfram.com. 6 Since each insurer faces identical, stationery loss distributions, incorporating a risk (profit) load factor based on the variance of expected losses would only result in a scalar adjustment to the simulation's results. 7 Given the assumption of all losses being paid at the end of each year, the premiums-to-surplus ratio is also the debt-equity ratio. 
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Rearranging Equation (2) gives; Out-of-Equilibrium Position t,i
241
The first rhs term in Equation (4) is the target sur-
242
plus for insurer i, at time t.
243
Given an insurer's out-of-equilibrium position, as defined in Equation (4), and setting n * i = n (t−1),i the premium charged to each policyholder is;
Equation (5) is the model's simple pricing rule.
It is the expected average loss, L, plus the out-of- An insurer's current surplus, S t,i , is equal to the prior surplus, S (t−1),i , plus the profits (or losses) from the policies sold this year. This computation is;
The n * i variable in Equation (2) 
Simulation results
262
As with all simulations, specific results vary from 
301
It is clear in Fig. 3 that the cycle is drawn out.
302
Casual counting from trough-to-trough gives a very four-tuple sequences. Table 3 presents the probabili-372 ties of each possible sequence for the two data series.
373
The probabilities are graphed in Fig. 4 .
The t = 0 time period is dropped from the simulated insurance market series. rule is a simple-as-can-be algorithm that has each 394 company determine P t from S (t−1) and n (t−1) . The points plotted are discreet. The connecting lines are drawn to aid interpretation. Directional bit sequence probabilities were computed and plotted to sequences of length 2, 3, 5, and 6. The results were qualitatively similar to the 4-tuple bit sequences.
11 I arbitrarily chose the first company, the last company, and those that are multiples of seven. The companies are not 'cherrypicked'. Table 4 Directional bit sequence probability plots for 12 companies in simulation X 
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The graph in Table 6 shows relatively mild n 0 = 100,000, and an identical initial premium. The initial premium is equal to the average of 2,000,000 simulated (1−r i ) the equilibrium surplus given the values of n 0 , P 0 and the insurer's desired
Surplus
Assets ratio t = 1
So no (subject to the 'up' and 'down' constraints) n 1 = 100,000 n 1 is determined using Equation (1) with P 1 = $3,118.
L 1 = the average of n 1 randomly generated losses. S 1 = $232,117,544
(subject to the 'up' and 'down' constraints) n 2 = 98,902 n 2 is determined using Equation (1) with P 2 = $3,149.
L 2 = the average of n 1 randomly generated losses. S 2 = $227,917,544
(subject to the 'up' and 'down' constraints) n 3 = 98,520 n 3 is determined using Equation (1) with P 3 = $3,165.70.
L 3 = the average of n 2 randomly generated losses. S 3 = $230,785,702
(subject to the 'up' and 'down' constraints) n 4 = 99,763 n 4 is determined using Equation (1) with P 4 = $3,127.65.
L 4 = the average of n 3 randomly generated losses. S 4 = $241,888,593 Losses are generated for each company using a mixed distribution of frequency and severity. Frequency 685 is modeled by a Bernoulli distribution with 5% probability of 'success'. Severity is modeled using the Each component distribution generates a list of 2,000,000 random numbers. These lists are multiplied, in 688 pairwise fashion, to generate a list of possible losses. A 15 element sample list of losses is presented in Figure 1C . For each simulated company, each year, n i random losses are chosen from the list of 2,000,000 potential losses.
691
Most of the list is, of course, zeros. These individual losses, however, are not recorded as part of the simulation,
692
only the average loss, per insured, for each company is recorded. The simulated industry average loss numbers reported in Tables 2 and 1B 
